Abstract VACTERL/VATER association is typically a sporadic disorder. We present data on inheritance in 78 probands with VACTERL association, and show that 9% of probands have a primary relative with at least one component feature of VACTERL association. The prevalence of component features in first-degree relatives is significantly higher than expected in the general population, which has implications for counseling of affected families and for research into possible etiologies.
Introduction
VACTERL association is relatively common, though the causes remain unknown (Czeizel and Ludányi 1985) . The condition, sometimes termed VATER association depending on which features are included, is an acronym for the major component features, not all of which may be present in patients: vertebral defects (V), anal atresia (A), cardiac malformations (C), tracheo-esophageal fistula (TE); renal abnormalities (R), and limb anomalies (L); other features (e.g., genitourinary anomalies) are not uncommon. Diagnostic criteria are controversial, and the many overlapping conditions make accurate diagnosis challenging (Rittler et al. 1996; Källén et al. 2001 ). Though there is some evidence for inheritance of component features, the condition is usually sporadic (in this context, meaning occurring in an isolated fashion), with low risk of having an affected relative (Weaver et al. 1986; Brown et al. 1999 ). We present inheritance data on 78 patients with VACTERL association and demonstrate evidence for inheritance in at least a subset of patients.
Methods
We collected data through our National Human Genome Research Institute IRB-approved protocol on VACTERL association. Patients were diagnosed with VACTERL/ VATER association prior to inclusion, were included only if they had at least two major component features, and were excluded if alternate diagnoses were felt to be likely. No patient had an identified genetic etiology. We saw 10 probands and 25 total relatives at the National Institutes of Health. For patients who did not come to the NIH, we reviewed available medical records, with medical histories provided directly from patients, relatives, and referring clinicians.
Results
Seven of 78 probands (9.0%) had first-degree relatives with at least one major component feature of VACTERL association ( Fig. 1 ; see supplemental material for detailed information). This is not significantly higher than the 5.8% prevalence of affected first-degree relatives of patients with tracheo-esophageal fistula/esophageal atresia (with or without other anomalies) reported by Brown et al. (1999) (p = 0.3074). For pedigrees in which detailed family data were available, 7 of 141 first-degree relatives (5.0%) had at least one major component finding of VACTERL association.
The proportion (0.0496, 95% Confidence Interval [CI], 0.0224-0.1007) of first-degree relatives with features of VACTERL association is significantly higher than in the general population. We compared our data to: (1) the proportion (0.00248, CI, 0.00241-0.00255) of approximately 2.5 million infants in a Latin American registry with major component features of VACTERL association (Rittler et al. 1996) : v (1) 2 = 127.9, p \ 0.0001; (2) the proportion (0.0160, CI 0.01598-0.0161) of these features among approximately 11 million infants in a United States registry (Populationbased Birth Defects Surveillance 2008): v (1) 2 = 10.08, p = 0.0015. Comparing the prevalence of major component features of VACTERL association in first degree relatives of probands (not including those with insufficient evidence, such as features in individual II.1 in pedigree 6) to the general population (Rittler et al. 1996) , we find the following odds ratios (OR) V: OR = 216.0, CI, 79.5-587.2; C: OR = 12.9, CI, 3.2-52.1; R: OR = 44.8, CI, 11.1-181.4. The severity, type of findings, and presence of other anomalies did not appear to differ between probands with affected relatives and probands without affected relatives. The one exception might be family 7: the proband had hydrocephalus and a brother had ectrodactyly. While VACTERL with hydrocephalus has an inherited component, only one of our seven families had a member with hydrocephalus.
Discussion
Our results show that there is an increased risk of major component features in probands' first-degree relatives, which suggests a genetic basis for the condition in at least some families. Brown et al. (1999) showed evidence that tracheoesophageal fistula/esophageal atresia has an inherited component. Participants in that study were ascertained because of the presence of that specific feature, not the broader diagnosis of VACTERL association.
Just as in patients with a full diagnosis of VACTERL association, the major component features we observed in first-degree relatives, varied widely. It is unclear why vertebral anomalies were the most prevalent finding in first-degree relatives in our cohort, though the small sample size makes it difficult to generalize. However, while scoliosis was common, it does appear that more severe vertebral anomalies were also present in most patients with scoliosis. Several patients (including the proband in pedigree 5) appear to have urogenital anomalies and/or urorectal septal malformation sequence. This is unsurprising, as the embryology and developmental biology of the genitourinary (GU) tract is closely connected to that of the hindgut and renal systems; in addition, previous studies have provided statistical evidence that GU anomalies may be a ''secondary'' feature of VACTERL association (Rittler et al. 1996) . Fig. 1 Pedigrees indicating major component features in probands diagnosed with VACTERL association, as well as findings in affected firstdegree relatives. Other, more distant relatives are shown for the sake of completeness, though the presence of major component features in these individuals was not used for analysis
